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Abstract 

A static conformally flat spherically symmetric perfect fluid cosmolog- 
ical model in Lyra geometry is investigated. 

1 Introduction 

The geometry proposed by Lyra [1] stands for the Riemannian geometry and was 
utilized by Sen [2, 3], Halford [4], Bhamra [5] and Kalyanshetti and Waghmode 
[6] to probe into some of the aspects of cosmological theory. Having known that 
the conformally flat space-time are of particular interest in the context of petrov 
classification in view of their degeneracy. In this paper, we imply the geometry 
to study the static conformally flat cosmological model filled with perfect filled. 

1.1 Field Equation 

The field equations in normal gauge for Lyra's manifold as obtained by Sen [2] 
are 

13 3 
- 2 ^'J-^ + l^'Pi'Pj - -^9ij<Pk<i)^ = -STrTij (1) 

where (pi as a displacement field and the other symbols have their usual meanings 
as in Riemannian geometry. We assume the vector displacement field (pi to be 
the time like constant vector. 

0, = (O,O,O,O,/3) (2) 
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where /3 is a constant. Consider the five dimensional static conformally fiat 
sphericaUy symmetric perfect fiuid represented by the space-time metric 

where « is a function of r alone. The energy momentum tensor Tjj for perfect 
fiuid distribution is given by 

T,j ^ {P + p)ViVj - Pg^j (4) 

together with 

g.,V^V^ (5) 

where is the five velocity vector of the fiuid and P and p are the proper 
pressure and density respectively. 

By use of equations (2), (4) and (5), the fields equations (1) for the fine element 
(3) can be written as 

e-2« (Qaj + ^ - Ip') = SttP (6) 
(san + 3al + ^- ^/J^) = 8nP (7) 



g-2a 



g-2a 



(^3au + 3al + ^ + ^f5^^ = -Sirp (8) 



where Oi = ^, aii = etc. 

Eliminating P between equation (6) and (7) we get 



r 

which results into the solution 



«ii -«!- — = (9) 



e"" = {Ar' + B) (10) 

where A and 5 are arbitrary constants. Hence, the static conformally fiat cos- 
mological models in Lyra geometry takes the form 

ds'^ = {Ar^ + B)-^ (de - dr^ - r^dO^ - r^sin^edcp^ + dm^) (11) 

It is interesting to observe that the model (11) is similar to the static conformally 
symmetric model obtained by Kalyanshetti and Waghmode [6] in the Einstein- 
Cartan theory for a perfect fiuid with a classical description of spin. 
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1.2 Some Properties of the Model 



The pressure P and density p in the model are given by 



SttP 



12AV^ - 12AB - 



18AB - GA'^r'^ - 




(12) 



(13) 



The dominant energy conditions, 



p=0, p- P>0 



p+P>0. 



(14) 



For the general perfect fluid distribution leads to 



4A 



(15) 



{Ar^ + B) 



If A = and 5 = 0, wc have from (15) that < so that the displacement 
vector (pi in Lyra manifold is imaginary and thus the model is physically unreal- 
istic. Also when A = 0, the space-time is flat. Also with P > and >= 0, 
one obtains 



The solution is restricted to a comparatively small region of the space-time. 
1.3 Conclusions 

It is observed that the situation in this case is similar (apart from a difference of 
sign) to that discussed by Kalyanshetti and Waghmode [7] in the Einstein-Cartan 
theory with number 0^ and therefore, the displacement vector 4> in Lyra manifold 
plays the role of the spin density. 
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